Background-Type 1 gastric carcinoids are associated with hypergastrinaemia and chronic atrophic gastritis, type 2 occur in patients with multiple endocrine neoplasia type 1 combined with ZollingerEllison syndrome, and type 3 lack any relation to hypergastrinaemia. Type 1 tumours are usually benign whereas type 3 are highly malignant. Aims-To identify possible tumour markers in patients with gastric carcinoids. Patients/method-Nine patients with type 1, one with type 2, and five with type 3 were evaluated with regard to symptoms, hormone profile, and prognosis. Results-Plasma chromogranin A was increased in all patients but was higher (p<0.01) in those with type 3 than those with type 1 carcinoids. All patients with type 3 carcinoids died from metastatic disease, but none of the type 1 patients died as a result of their tumours. One type 1 patient with a solitary liver metastasis received interferon and octreotide treatment. Nine months later, the metastasis was no longer detectable. She is still alive eight years after diagnosis, without recurrent disease. This represents the only reported case of foregut carcinoid with an unresectable liver metastasis that seems to be have been cured by biotherapy. Conclusions-Plasma chromogranin A appears to be a valuable tumour marker for all types of gastric carcinoid. Combination therapy with interferon and octreotide may be beneficial in patients with metastasising type 1 gastric carcinoids. (Gut 1998;43:223-228) 
3-9
Type 1 (ECLoma) originate from the mucosal enterochromaYn-like (ECL) cells, which can synthesise and store histamine. These tumours, which are localised to the fundus or body and are mainly multiple, are associated with type A chronic atrophic gastritis, achlorhydria, and often pernicious anaemia. They are accompanied by antral G cell hyperplasia, intestinal metaplasia, and concomitant foci of endocrine cell hyperplasia and dysplasia in the surrounding extratumoral mucosa. 3 6-12 Histologically, they stain positive with Grimelius' and Sevier-Munger's silver stains as well as for chromogranin A. 3 8 11 13 Around 2-9% of patients with pernicious anaemia develop gastric carcinoids. 12 The pathogenesis of these tumours is claimed to be the trophic eVect of the hypergastrinaemia on the ECL cells in the fundus/corpus, 8 10 14 15 but the chronic inflammation per se may also contribute to the hyperplasia of endocrine cells and the development of carcinoid tumours. 8 Type 1 gastric carcinoids are considered to be the most benign of the three diVerent types and have low malignant potential. 7 11 14 Metastases may, however, occur, most often to lymph nodes but also to the liver. Overall frequency of metastases has been reported to be 9-23% and liver metastases to be 3-5%. 8 9 16 17 Deaths from metastatic disease have also been described. 17 Type 2 carcinoids occur in patients with hypergastrinaemia due to the Zollinger-Ellison syndrome in combination with multiple endocrine neoplasia type 1 (MEN 1). They are usually multiple and sometimes metastatic at diagnosis. 5 7 18 Type 3 (mixed cellular composition) carcinoids are not associated with hypergastrinaemia. They usually appear as single large neoplasms with high malignant potential in patients without type A chronic atrophic gastritis, pernicious anaemia, or ZollingerEllison syndrome and have often metastasised at the time of diagnosis. 3 7-9 This type also include neuroendocrine carcinomas and mixed endocrine and exocrine tumours.
In the present study we investigated the correlation between type of gastric carcinoid and production of hormones, endocrine symptoms, the occurrence of metastases, and prognosis.
Material and methods

PATIENTS
Fifteen patients with histologically verified gastric carcinoids consecutively referred to our unit were included in the study.
Nine (six women and three men) had type 1 tumours according to the classification of Rindi et al. 7 Median age at diagnosis was 52.2 (range 44.3-76.4) years. Table 1 summarises some characteristics of the tumours in the individual patients, including the presence or absence of pernicious anaemia. At the time of diagnosis, one patient had multiple lymph node metastases and a single metastasis in the liver, which was verified by needle biopsy. Median follow up was 97 (range 4-210) months.
One patient had type 2 gastric carcinoids. Her gastric tumour, which stained positively for chromogranin A antibodies, Grimelius' silver stain, calcitonin, pancreatic polypeptide, gastrin, and serotonin, was first observed at age 32. Liver metastases, verified at biopsy, were present at the initial diagnosis. She had recurrent gastric ulcers and was later found to have a prolactinoma and primary hyperparathyroidism, thus fulfilling the criteria for MEN 1. She was followed for 17 years from diagnosis of her gastric carcinoid.
Five patients (three men and two women) had type 3 gastric carcinoids according to the classification of Rindi et al. 7 Median age at diagnosis was 59.1 (range 56.1-70.7) years. All type 3 gastric carcinoids were chromogranin A positive and one was Sevier-Munger positive. One of the type 3 tumours was localised in the cardia, two in the corpus/fundus, one in the pyloric region and the last in the anastomosis after a Billroth II operation, carried out 32 years earlier because of a perforated duodenal ulcer. At diagnosis, all patients in this group had metastases to the lymph nodes and all but one had liver metastases; this last patient developed liver metastases within two years. Moreover, one patient had peritoneal metastases and in one patient bone metastases occurred two years after diagnosis. Median follow up among the type 3 patients was 7.4 (range 3-37) months.
HORMONES
After an overnight fast, blood samples were drawn for analysis of plasma chromogranin A, chromogranin B, serum gastrin, serum pancreatic polypeptide (PP), serum calcitonin, and serum human chorionic gonadotrophin subunits and (hCG and hCG ) as described previously. [19] [20] [21] [22] [23] [24] A 24 hour collection of urine was used for measurements of MeImAA excretion. Urinary 5-hydroxyindolacetic acid (5'HIAA) was usually collected for two consecutive 24 hour periods, and the mean value was calculated. Plasma tachykinins (neuropeptide K, substance P) and calcitonin gene related peptide were analysed in four patients in each group.
In one patient with a metastasising type 1 tumour, no hormone values were obtained before total gastrectomy, and in another type 1 patient a carcinoid polyp had been extirpated endoscopically before the hormone sampling. The patient with type 2 tumour had been subjected to antrectomy and vagotomy before the hormone analyses.
STATISTICS
Intergroup comparisons of hormones were carried out by the Mann-Whitney U test. Survivial analysis was made by Kaplan-Meier survival plots and Mantel-Cox log rank test. p<0.05 was considered significant. Tables 2 and 3 present the results of the hormone analyses. Plasma chromogranin A and chromogranin B were increased in all patients, but both hormones were significantly higher in the patients with type 3 carcinoid than in those with type 1 (p<0.01 and p = 0.01 respectively). Serum gastrin was slightly raised in one type 3 patient but moderately or greatly increased in all the type 1 patients (p<0.01). The type 2 patient had normal serum gastrin on admission but had been subjected to antrectomy several years previously. Urinary 5'HIAA was normal in all patients except for a moderate increase in one with the type 3 tumour. Urinary MeImAA was slightly or moderately increased in four of the five type 3 patients (80%), in the type 2 patient, and in three of the nine (33%) patients with type 1 carcinoids. The type 1 patient with moderately increased MeImAA had had a carcinoid polyp extirpated endoscopically two years previously, and, at the time of hormone analysis, no residual tumour could be detected, but atrophic gastritis, endocrine cell hyperplasia, and high serum gastrin were present. When controlled several years later, MeImAA was normal on two occasions without therapy, despite persisiting ECL cell hyperplasia and increased serum gastrin. Serum calcitonin was normal in all type 1 patients but greatly increased in the type 2 patient and slightly increased in two type 3 patients. A slight increase in serum PP was seen in four patients with type 1 tumour and one with type 3; in addition, one type 3 patient and the type 2 patient had greatly increased PP. In the last case, serum PP fell substantially after surgical reduction of the tumour burden. Serum hCG and hCG were normal in all patients except for two with type 3 carcinoids; one had greatly and the other slightly increased hCG . Moreover, during the disease course, hCG increased to moderately high levels in the patient with MEN 1. Tachykinins were normal in all patients tested except for one type 3 patient without the carcinoid syndrome.
Results
HORMONES
SYMPTOMS (TABLES 2 AND 3)
Four of the type 3 carcinoids were detected at gastroscopy carried out because of abdominal pain, and in the fifth patient the tumour was seen en passant at laparotomy carried out to remove a benign renal tumour. In the type 2 patient the gastric carcinoid was diagnosed at microscopic examination after Billroth I resection of the stomach because of a bleeding ulcer on the minor curvature. In four patients being investigated for anaemia, type 1 tumours were detected by gastroscopy. All but two of the patients with type 1 carcinoids had gastrointestinal symptoms such as nausea, vomiting, and abdominal pain. The combination of flush and diarrhoea was only seen in the MEN 1 patient. She had moderately increased MeImAA and greatly increased calcitonin but normal 5'HIAA and tachykinins. The type 3 patient with high 5'HIAA had normal MeImAA and no endocrine symptoms. The type 1 patient with initially moderately high MeImAA but normal 5'HIAA had flushing, which persisted despite normalisation of the MeImAA level.
TREATMENT AND PROGNOSIS
Type 1
In a 74 year old woman (patient no 1 in tables 1 and 2) with anorexia, nausea, and vomiting, endoscopy showed a gastric tumour which was classified as small cell adenocarcinoma. At laparotomy, lymph node metastases and a single metastasis in the liver were found. Total gastrectomy was performed, the lymph node metastases were removed, and a needle biopsy sample was taken from the liver metastasis showing carcinoid tumour. Microscopic examination of the stomach disclosed chronic atrophic gastritis with intestinal metaplasia, endocrine cell hyperplasia, and multiple mucosal carcinoid tumours. On admission, she had slightly increased chromogranin A (7.8 nmol/l), chromogranin B (3.3 nmol/l), and PP (138 pmol/l). The liver metastasis was visible on ultrasonography ( fig 1A) . Treatment was started with interferon at a dose of 3 × 3 MU/week subcutaneously, and three months later octreotide 2 × 100 µg/day subcutaneously was added. Nine months after interferon and six months after octreotide therapy was started, the results of ultrasonography of the liver were normal (fig 1B) , and after another three months, chromogranin A was normalised. Interferon was administered for a total of one and a half years and was then withdrawn, but octreotide was continued. PP normalised two and a half years after the start of treatment. The patient is still alive eight years after diagnosis, continuing with octreotide treatment, without either biochemical or radiological signs of tumour recurrence. Figure 2 shows the course of treatment and disease.
Total gastrectomy was performed in another patient (no 2 in tables 1 and 2) who had multiple locally invasive carcinoids. She is free of recurrence without additional treatment. In patient no 7, a carcinoid polyp was extirpated endoscopically; at an extended surgical resection no residual tumour was found. She has received hydrochloric acid in an eVort to suppress serum gastrin. Despite unaltered high serum gastrin and persisting endocrine cell hyperplasia, she has no residual carcinoid Patient 1 had undergone total gastrectomy at the time of the hormone analyses but had a radiologically visible liver metastasis, verified by needle biopsy. In patient 6 the carcinoid polyp had been extirpated endoscopically before the hormone measurement. Patient 10, having the MEN 1 syndrome, had undergone antrectomy before the hormone measurements. *For patients 2, 4 and 5, indicated with an asterisk, the calcitonin reference range was <10 ng/l and for †patient 7 it was <20 ng/l because of the diVerent methods of analysis; *for the postmenopausal women the hCG reference range was <8.5 mg/l and *for patients 2 and 7 the urinary MeImAA reference range was 2-4 mg/24 h. PP, pancreatic peptide; 5'HIAA, 5'-hydroxyindolacetic acid; MeImAA, tele-methylimidazoleacetic acid; hCG , subunit of human chorionic gonadotrophin; -, not analysed. disease. Patient no 3 had a gastric carcinoid removed at laparotomy. After the operation she received hydrochloric acid without eVect on the serum gastrin levels. Since ECLomas recurred, she underwent antrectomy and is free of disease two and a half years later. Another patient (no 6) who is treated with hydrochloric acid without suppressive eVect on the serum gastrin levels also has recurrent ECLomas; this patient has not received surgery but is closely monitored with regular hormone analyses and endoscopic examinations. Patient no 8, also receiving hydrochloric acid with no eVect on serum gastrin level, has developed a carcinoid with positive staining for gastrin in the duodenum, and therefore has two endocrine tumour diseases. Patient no 4 is the only one in which treatment with hydrochloric acid has caused reduction in serum gastrin (from 600 to 281 pmol/l); the disease has not yet been controlled with gastroscopy. Plasma chromogranin A levels were unaltered in all the patients during hydrochloric acid therapy, but decreased after antrectomy (p<0.05). Finally, one patient (no 5) was treated with octreotide 2 × 100 µg/day subcutaneously for nearly a year, resulting in a reduction in chromogranin A from 10.1 to 2.6 nmol/l; the treatment was stopped because of diarrhoea. The last patient with ECLoma (no 9) has received no treatment as yet.
Type 2
The single patient with this type of tumour was subjected to antrectomy and truncal vagotomy because of recurrent gastric ulcers. A gastric carcinoid with liver metastases was found. She later presented with multiple metastatic gastric tumours. To reduce the tumour burden, the gastric tumours and some of the metastases were removed. The postoperative period was complicated and she died nearly eight months later.
Type 3
One patient with unresectable tumour was treated with interferon for one year as a single drug and then in combination with different chemotherapy regimens (5-fluorouracil, streptozotocin + 5-fluorouracil, and finally fotemustine). An arterial embolisation of the liver was also performed with gel foam. Stable disease was noted during short periods. This patient survived for three years after diagnosis. Medical treatment (interferon , interferon , or octreotide) was tried in the others without success. One patient whose gastric tumour was discovered accidentally at surgery for a benign renal tumour was also subjected to a Billroth I resection of the stomach. Microscopic examination showed lymph node metastases, and, two years later, liver metastases developed.
SURVIVAL Figure 3 gives survival data. One patient with type 1 carcinoid and severe scleroderma died from myocardial infarction 3.8 years after the carcinoid diagnosis; all the other type 1 patients are alive after a median observation time of 105 (range 4-210) months. The type 2 patient died 17 years after diagnosis. All the type 3 patients 
Discussion
With the exception of slightly increased MeImAA or PP, hormone overproduction was rare among the type 1 patients. In contrast, type 3 tumours commonly produced various hormones. MeImAA was increased in four of the five patients with these tumours, and increased PP, calcitonin, and hCG was also frequent. Although expression of hCG has been claimed to occur almost exclusively in fundic endocrine cells exposed to hypergastinaemia, [25] [26] [27] none of our type 1 patients had increased serum hCG levels, which was found only in metastatic type 3 gastric carcinoid patients with short survival (seven and four months from diagnosis respectively). Whether hCG has a pathogenetic role in the proliferation of gastric endocrine cells is still unclear, but elevated serum hCG levels may be an indication of a more aggressive tumour type. This has been reported previously for malignant islet cell tumours. 28 Urinary 5'HIAA was increased only in one type 3 patient and seems not to be useful as a tumour marker for gastric carcinoids.
Both chromogranin A and chromogranin B were increased in all patients, but were considerably higher in the patients with type 3 tumours than in those with type 1. This probably reflects the larger tumour burden in the former group. In midgut carcinoids, plasma chromogranin A concentration correlates with tumour size but is also an independent predictor of survival. 29 If chromogranin A does have a pathogenetic impact on survival in gastric carcinoids, it is not possible to confirm this because of the scant patient material in the present study.
The most eVective treatment of type 1 gastric carcinoids is under discussion. Spontaneous resolution has been described. 30 Limited surgery with endoscopic polypectomy and/or antrectomy aimed at reducing the high serum gastrin levels have been proposed by several authors, 3 6 12 31-33 and in one study antrectomy led to rapid regression of ECL cell carcinoids in three of three patients. 31 Two of our patients were subjected to total gastrectomy, one (who was found to have metastases at operation) because the initial diagnosis was adenocarcinoma and the other (12 years ago) because of infiltrative carcinoids penetrating the muscularis mucosae. According to later experience, antrectomy may have been as eVective in the latter patient. An attempt was made in five patients to suppress gastrin production by substituting hydrochloric acid, but gastrin levels were only successfully decreased in one of them. Endocrine cell hyperplasia persisted in three patients, and two of them developed new ECL cell tumours. Although hydrochloric acid substitution did not prevent the occurrence of new carcinoids, it may be considered for patients who are not suitable for surgery. This view is supported by the low metastatic potential of ECL cell derived gastric carcinoids. Furthermore, clinical well being is often improved by acid substitution.
Treatment with interferon or octreotide or both is well documented for malignant midgut carcinoids and endocrine pancreatic tumours and can sometimes decrease the size of metastases. [34] [35] [36] Octreotide has also been shown to decrease ECL cell content and plasma gastrin levels in patients with chronic atrophic type A gastritis. 27 Total regression of liver metastases in a patient with foregut carcinoids during medical treatment has, however, not previously been described. Our patient with metastasising type 1 gastric carcinoid has normal hormone levels 5.8 years after withdrawal of interferon, and no metastases are visible on ultrasound examination of the abdomen nor at pulmonary x ray or bone scintigraphy. Although the disappearance of the liver metastasis may also be a consequence of the normalised serum gastrin levels after gastrectomy, a combination of interferon and octreotide should be considered in patients with malignant type 1 tumours.
Type 3 gastric carcinoids are known to be malignant tumours. 3 7-9 All of our patients with this type of tumour had metastases at the time of diagnosis and died of widespread disease. In contrast, only one of the patients with type 1 carcinoids has developed metastases, and none in this group has died as a result of their carcinoids. Despite liver metastases at the initial diagnosis, the patient with MEN 1 survived far longer than the type 3 patients. Since no pancreatic tumour could be found at laparotomy despite the use of intraoperative ultrasound examination and the liver metastases showing similar immunoreactivity on histological examination to the gastric carcinoid, this tumour is believed to be the origin of the liver metastases. Previous reports showed a better prognosis for MEN 1 derived endocrine pancreatic tumours than for sporadic cases, indicating diVerent tumour biology, earlier diagnosis, or greater sensitivity to therapy including interferon. 37 Patients with type 3 gastric carcinoids have significantly shorter survival (p<0.001) than type 1 patients, indicating a diVerent tumour biology. These patients should be carefully monitored for development of recurrent disease after primary resection. Both plasma chromogranin A and chromogranin B appear 
